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(54) Liquid cooled condenser 

(57) A liquid cooled condenser (30) for use in a 
refrigeration system includes an elongated, round or 
partly round tube and a pair of headers (90) ,one at 
each end of the round or partly round tube and sealing 
the same. Each header has a plurality of elongated slots 
(92) and the slots in one header are aligned with the 
slots in the other header. Elongated flattened tubes (94) 
are disposed in the round or partly round tube and 
extend between the headers; the ends of each flattened 
tube being sealingly received in corresponding slots in 
the headers. Caps (96) seal the headers oppositely of 
the elongated tubes and a pair of refrigerant ports 
(98; 100) are provided. A pair of spaced coolant ports 
are provided in the round or partly round tube. 
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Description 

[0001] This invention relates to a novel liquid cooled 
condenser for use in a vehicular cooling system. 
[0002] TTie last two decades have seen increasing 
concern about the effects of internal combustion 
engines which, of course, are the overwhelming choice 
for the power plant of vehicles of all sizes and types. For 
one, there are concerns related to energy conservation. 
To address these concerns, considerable efforts have 
been made to increase the efficiency of vehicles. In 
many instances, this has been accomplished by reduc- 
ing the weight of a given vehicle. In many other 
instances, this has been accomplished by improving the 
efficiency of power consuming systems on the vehicle. 
In still other instances, this has been accomplished by 
increasing the aerodynamic efficiency of the shape of 
the vehicle, particularly at the frontal area thereof. 
[0003] Still other concerns center about the environ- 
ment. Hydrocarbon and No x emissions have long been 
regarded as major pollutants of the atmosphere. 
[0004] Environmental concerns have also been 
addressed in a number of ways. For one, by increasing 
the efficiency of power consuming systems on a vehicle, 
less fuel is required to be consumed to produce the 
power necessary to run such systems and that, in turn, 
reduces emissions. For another, the combustion cycle 
and/or engine configuration has been addressed to 
improve combustion efficiency which in turn results in 
emission reduction. For still another, efforts have been 
made to reduce the maximum attained temperature of 
lubricants, i.e., engine oil, during vehicle operation to 
minimize the contribution to total emissions provided by 
the lubricants. 

[0005] A number of the problems to be solved, and 
approaches to their solution, are interactive. For exam- 
ple, improved efficiency of power consuming systems 
on a vehicle reduces fuel consumption which serves 
both energy conservation concerns and environmental 
concerns. 

[0006] It is an object of the invention to provide a new 
and improved liquid cooled condenser. 
[0007] The invention contemplates a liquid cooled 
condenser for use in a refrigeration system. The con- 
denser includes an elongated, round or party round 
tube and a pair of headers, one at each end of the round 
or partly round tube and sealing the same. Each header 
has a plurality of elongated slots. The slots in one 
header are aligned with the slots in the other header. 
The elongated tubes are disposed within the round or 
partly round tube and extend between the headers with 
the ends of each flattened tube being sealingly received 
in corresponding slots in the headers. Caps are pro- 
vided and seal against respective headers oppositely of 
the elongated tubes and a pair of refrigerant ports for 
the caps are provided with at least one port in one of the 
caps. The construction is completed by a pair of spaced 
coolant ports in the round or partly round tube. 



[0008] In one embodiment of the invention, there is a 
refrigerant port in each of the caps. 
[0009] In one embodiment of the invention, the round 
or partly round tube is a combined header and tank and 

5 one of the spaced ports is defined by a series of tube 
receiving slots in the combined header and tank. 
[0010] Preferably, the round or partly round tube, the 
headers and the flattened tubes are aluminum and are 
brazed in assembled relation. 

10 [0011] In one embodiment of the invention, the flat- 
tened tubes are in at least two rows with a single flat- 
tened tube at each end of the rows and staggered with 
respect thereto. 

[0012] Embodiments of the invention are described 
15 below with reference to the accompanying drawings in 
which: 

Figure 1 is a block diagram of a cooling system for 
a vehicle; 

20 Figure 2 is an eievational view of a combined lower 
temperature radiator and liquid cooled condenser; 
Figure 3 is an enlarged fragmentary view of part of 
a header used in the heat exchanger illustrated in 
Figure 2; 

25 Fig. 4 is an enlarged fragmentary view of the 

header assembled to other components to provide 

a liquid cooled condenser; 

Fig. 5 is a sectional view taken approximately along 

the line 5-5 in Fig. 4; and 
30 Fig. 6 is a view similar to Fig. 5 but illustrating a 

modified embodiment of the invention. 

[0013] An exemplary embodiment of the invention is 
illustrated in Fig. 1 as part of a cooling system for sys- 

35 terns associated with a vehicle powered by a vehicle 
engine 10 of the internal combustion sort. As is typical 
of such engines, the same is liquid cooled and to this 
end includes a coolant system provided with a coolant 
pump 1 1 which is operative to pump relatively cool cool- 

40 ant into the coolant jacket of the engine 1 0. Hot coolant 
emerges from the engine 10 at a port 12 and is directed 
to a conventional heater 14 that may be located within 
the vehicle cab. Also included is a bypass loop 16 for 
bypassing the heater 14. A control valve 18 of conven- 

45 tional construction may be employed to control the rela- 
tive rates of flow of hot hot coolant from the engine 10 
through the heater 14 and the bypass 16. 
[0014] The heater 14 may be in line with a conven- 
tional refrigerant evaporator 20 such that an electrically 

so operated fan 22 may drive air in the direction of an arrow 
24 serially through the evaporator 20 and the heater 14 
within the vehicle cab to heat or cool the same, depend- 
ing upon whether the heater 14 or the evaporator 20 is 
being employed. 

55 [001 5] The evaporator 20 receives liquid, or a mixture 
of liquid and gaseous refrigerant through an expansion 
valve 26. The expansion valve 26 is connected to the 
outlet 28 of a refrigerant condenser 30. As will be seen, 
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the refrigerant condenser 30 is a liquid cooled con- 
denser which is to say that condensation of refrigerant 
within the condenser 30 is effected by heat exchange 
with a liquid as opposed to, for example, ambient air. 
[001 6] Refrigerant vapor is provided to the condenser 
30 via an inlet 32 which in turn is connected to a com- 
pressor 34. The compressor 34 is, in turn, connected to 
the outlet 35 of the evaporator 20. 
[0017] It will be appreciated from the foregoing 
description that the heater 14 includes a coolant flow 
path as well as a cooling air flow path. Similarly, the 
evaporator 20 includes a refrigerant flow path as well as 
an air flow path. The refrigerant condenser 30 includes 
a refrigerant flow path as well as a liquid coolant flow 
path. Needless to say, the flow paths in each of these 
heat exchangers are in heat exchange relation with one 
another as is well known. 

[0018] Returning to the refrigerant condenser 30, the 
same receives liquid coolant by action of a pump 36. 
The liquid coolant supplied to the pump 36 is taken from 
the coolant flow path of a radiator 38. The radiator 38 is 
not the radiator used for cooling the coolant to the vehi- 
cle engine 10 as will be seen and operates at a lower 
temperature than the radiator employed for cooling the 
engine coolant. It thus may be characterized as a lower 
temperature radiator 38. 

[0019] Coolant heated by the condensation process 
within the condenser 30 is provided to the lower temper- 
ature radiator 38 on a line 40 to be cooled therein. 
[0020] The outlet from the pump 36 is returned to the 
condenser 30 in any suitable loop. As illustrated in Fig. 
1 , the loop includes a liquid cooled charge air cooler 42. 
Those skilled in the art are aware that a charge air 
cooler is employed to cool combustion air being pro- 
vided to the vehicle engine 1 0 after the same has had its 
pressure elevated as, for example, a result of operation 
of a turbocharger or super charger. A charge air cooler 
increases engine efficiency. As combustion air is being 
compressed by operation of a turbocharger or a super 
charger, it is also heated and this results in any given 
volume of the now heated and pressurized air having a 
lesser density, and thus a lesser oxygen content, than 
an identical volume of air at the same pressure but at a 
lower temperature. Thus, by cooling the air after it has 
been pressurized by the turbo charger or super charger, 
its density, and thus its oxygen content, may be 
increased allowing more fuel to be combusted, and thus 
more power generated for any given volume of combus- 
tion air consumed. 

[0021] The relatively low temperature coolant in the 
loop is ideally suited for use as a coolant for charge air 
in the charge air cooler and accomplishes cooling of the 
charge air more efficiently than would be obtained if the 
system included an air cooled charge air cooler while 
meeting clean air standards for NOX emissions. 
[0022] It will also be appreciated that other types of 
heat exchangers associated with the vehicle could be 
located in the low temperature loop. For example, one 



or more oil coolers as, for example, engine oil or trans- 
mission oil coolers could be placed in the loop as 
desired. 

[0023] The system also includes a high temperature 

5 radiator 50 which cools coolant for the engine 10. The 
high temperature radiator 50 thus has a coolant flow 
path as well as a conventional cooling air flow path. 
Preferably, the radiators 38 and 50 are aligned and 
ganged such that a single fan 52 may drive cooling air 

10 serially through the two, first through the cooling air flow 
path of the lower temperature radiator 38 and then 
through the cooling air path of the high temperature 
radiator 50. In some instances, however, the radiator 38 
and 50 may be placed side-by-side so cooling air is 

15 blown through both in parallel paths. This arrangement 
may be desirable from the cost of manufacture stand- 
point and typically will require each radiator 38, 50 to 
have an increased core depth over that required where 
the radiators 38 and 50 are serially aligned. 

20 [0024] Conventionally, the radiator 50 is provided with 
a bypass 54 controlled by a thermostatic valve 56. 
[0025] A system such as illustrated in Fig. 1 provides 
a great improvement in performance. The improvement 
in performance is believed to be due to two factors. For 

25 one, there is reduced air side pressure drop in the front 
end heat exchangers in the vehicle. This results in an 
increase in air flow through the front end heat exchang- 
ers so that the temperature of the air exiting the low tem- 
perature radiator 38 and entering the high temperature 

30 radiator 50 has a lower temperature than the air exiting 
a charge air cooler/condenser and entering the radiator 
in a conventional installation. Thus, an increase in 
engine cooling potential is provided by the invention. 
Two, more efficient fan driving is obtained. 

35 [0026] The reduction in air side pressure drop is a 
direct result of the system configuration. In particular, in 
a conventional vehicle provided with air conditioning 
and a charge air cooler, the condenser for the air condi- 
tioning system and the charge air cooler are air cooled 

40 units and would be located in ganged relation with the 
high temperature radiator 50. The presence of these 
elements in the path of air flow generated by the fan 52 
and indicated by an arrow 58 creates considerable 
resistance to airflow, accounting for a relatively high air 

45 side pressure drop. By replacing these components 
with a single lower temperature radiator, and using 
highly efficient liquid cooling of both refrigerant and 
charge air, a lesser air side pressure drop is realized 
and greater efficiencies are obtained. 

so [0027] And, as noted previously, oil coolers can be 
located in the low temperature loop to eliminate restric- 
tions on engine temperatures which in turn would lead 
to better energy efficiency and possibly lower exhaust 
emissions. 

55 [0028] As illustrated in Fig. 1 , the refrigerant con- 
denser 30 and the lower temperature radiator 38 are 
separate structures; and according to one embodiment 
of the invention, that sort of relationship is expressly 
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contemplated. However, also contemplated by the 
invention, in its preferred form, is a combined refrigerant 
condenser and lower temperature radiator as is illus- 
trated in Fig. 2. 

[0029] More specifically, a combined condenser/radi- s 
ator according to the invention includes a lower header 
60 having a coolant port 62 and a parallel, spaced, 
upper header 64 having a coolant port 66. The headers 
60 and 64 are in fact combined headers and tanks and 
preferably will be tubular having a cylindrical, round or 10 
partly round interior. A plurality of flattened tubes 68 
extend in parallel with one another between the headers 
60 and 64 to have respective ends sealingly received in 
aligned slots 70 (Figs. 3-5). Serpentine fins 72 are dis- 
posed between and bonded to adjacent ones of the is 
tubes 68 and at the sides of the core, to side pieces 74. 
[0030] The cross section of the headers 64 is perhaps 
best illustrated in Fig. 5. The header 60 typically will, but 
need not necessarily, have the same cross section. The 
header 64 includes, as mentioned previously, a cylindri- 20 
cal interior surface 76 as well as a cylindrical outer sur- 
face 78 which extends perhaps as much as 270°. The 
remaining part of the outer surface is designated 80 and 
comprises a foot 82 which may be either formed inte- 
grally with the header 64 or simply added thereto by 25 
bonding such as brazing or welding. The foot 82 
includes a planar surface 84 in which the slots 70 are 
located. As can be seen in Fig. 5, the slots 70 are 
formed in the feet 82 to sufficient depth so as to open to 
the interior surface 76 to the interior of the respective 30 
headers 60, 64 and collectively serve as a port to the 
interior of the respective header. 
[0031] The structure comprising the low temperature 
radiator part of a combined condenser/radiator has 
been described. The condenser part is contained within 35 
the upper header 64, although it could be placed in the 
lower header 60 if desired. Specifically, and with refer- 
ence to Figs. 2, 4 and 5, at each end of the header 64, 
a shallow cup-shaped header 90 is located. The head- 
ers 90 have the same peripheral shape as the interior of 40 
the header 60, 64 in which they are received and are 
sealed thereto at respective ends thereof. As seen in 
Fig. 5, each of the headers 90 includes a plurality of 
elongated, tube-receiving slots 92. Corresponding slots 
92 in one of the headers are aligned with corresponding 45 
slots in the other. 

[0032] Elongated, flattened tubes 94 (Figs. 2 and 4) 
have their ends received and sealed in the slots 92 and 
extend between the headers 90 within the header 64. 
End caps 96 are fitted to the ends of the header 64 to so 
define tanks and sealed against corresponding ends of 
the headers 90. Each of the end caps 96 has a cylindri- 
cal round or partly round shape corresponding to that of 
the header 60, 64 in which it is received. Each end cap 
96 , in the preferred embodiment, includes a port. As 55 
seen in Fig. 2, a vapor inlet port 98 is provided at one 
end of the header 94 while a liquid refrigerant port 100 
is provided at the other. It will thus be appreciated that a 



single pass, liquid cooled condenser is defined. At the 
same time, those skilled in the art will recognize that it 
would be possible to provide a multiple path liquid 
cooled condenser by placing both of the ports 98 and 
100 in a single one of the caps 98 and providing a suit- 
able baffle between the two. 

[0033] Returning to Fig. 5, in order to maximize the 
surface area of the tubes 94 exposed to liquid coolant 
within the header 64, a preferred embodiment of the 
invention contemplates that the slots 92 be arranged in 
at least two rows including one having a center line des- 
ignated 102 and a second having a center line desig- 
nated 104. At both ends of the rows defined by the lines 
102 and 104, a single one of the slots 92, designated 
106, is located. 

[0034] In addition, on the side of the rows defined by 
the lines 1 02 and 1 04 opposite from the foot 82, a single 
slot 108 oriented at 90° to the remainder of the slots, 
may be located. 

[0035] Fig. 6 illustrates a modified embodiment of a 
header that may be used to provide a different tube pat- 
tern from that illustrated in Fig. 5. In this embodiment, 
five rows of tube slots 92 are provided. They are repre- 
sented by center lines respectively designated 110, 
112, 114, 116, and 118. Again, it will be observed that 
as respects the rows 1 12 and 1 16, at their ends are sin- 
gle tube slots 120 which correspond approximately to 
the tube slots 106. 

[0036] In this embodiment, the rows are not continu- 
ous but have other rows interleaved with one or more 
rows. Again, the arrangement maximizes the surface 
area of the tubes 94 by maximizing the number of tubes 
94. 

[0037] The structure is completed by the use of spacer 
122 (Fig. 2) that are disposed at two or more intervals 
along the length of the tubes 94. The spacers typically 
will be notched to partially f it about the tubes 94 as well 
as extend to contact part of the interior wall 76 of the 
header 64 and thereby provide support for the tubes 94. 
[0038] In order to obtain maximum cooling, the port 62 
should be the inlet port for hot coolant and the port 66 
the outlet port. This enables coolant to be cooled as it 
passes through the tube 68 by air passing through the 
radiator before it even comes in contact with the tubes 
94. 

[0039] In a highly preferred embodiment of the inven- 
tion, the components are all formed of aluminum for 
light weight and good thermal conductivity. They are 
assembled together by brazing. Thus, typically, the 
tubes 94 will have braze clad exteriors. Each of the 
headers 90 will have one surface 130 that is braze clad. 
Similarly, the caps 96 will have a surface 132 that is 
braze clad. 

[0040] Additionally, the exterior surfaces of the tubes 
68 may be braze clad. 

[0041 ] Preferably, a brasing process employing potas- 
sium fluo aluminate complexes as brazing flux, and 
commercially known as the NOCOLOK® brazing proc- 
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ess is employed. 

[0042] From the foregoing, it will be appreciated that a 
cooling system made according to the invention 
achieves improved efficiencies in vehicular applications 
and thus is a step forward in meeting energy conserva- 
tion concerns as well as environmental concerns. More- 
over, in the preferred embodiment of the invention 
wherein a combined condenser/radiator is employed, 
spacial concerns on a vehicle are addressed by elimi- 
nating the need for space for a condenser separate from 
the radiator. At the same time, where spacial concerns 
are not present, a liquid cooled condenser per se may 
be virtually identically to the header 64 with all the 
appurtenances that make it useful as the condenser, 
simply by eliminating the slots 70 and, in lieu thereof, 
providing a separate, second coolant port. 
[0043] Attention is drawn to application no. 94309271 
from which this application is divided and which con- 
tains claims directed to the cooling system described 
herein. 



4. The liquid cooled condenser of any preceding 
claim, wherein said round or partly round tube, said 
headers and said flattened tubes are aluminum and 
brazed in assembled relation. 

5 

5. The liquid cooled condenser of any preceding 
claim, in combination with a compressor (34) con- 
nected to one of said refrigerant ports, and an evap- 
orator (20) connected to the other of said refrigerant 

10 ports and to said compressor. 

6. The liquid cooled condenser of any preceding 
claim, wherein said flattened tubes are in at least 
two rows (102, 104) with a single flattened tube 

15 (106) at each end of said rows and staggered with 
respect thereto. 
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Claims 



1 . A liquid cooled condenser (30) for use in a refriger- 
ation system, comprising: 25 

an elongated, round or partly round tube (64); 

a pair of headers (90), one at each end of said 

round or partly round tube; 

each header having a plurality of elongated 30 

slots (92) and sealing the associated end of the 

round or partly round tube: 

the slots in one header being aligned with the 

slots in the other header; 

elongated flattened tubes (94) in said round or 35 
partly round tube and extending between said 
headers; 

the ends of each flattened tube being sealingly 
received in corresponding slots (92) in said 
headers (90); 40 
caps (96) sealing said headers oppositely of 
said elongated tubes; 

a pair of refrigerant ports (98; 100) for said 
caps (96), at least one port (98) in one of said 
caps (96); and 45 
a pair of spaced coolant ports in said round or 
partly round tube. 

2. The liquid cooled condenser of Claim 1, wherein 
there is a refrigerant port (98; 100) in each of said so 
caps (96). 



3. The liquid cooled condenser of Claim 1 , wherein 
said round or partly round tube is a combined 
header and tank and one of said spaced ports is 55 
defined by a series of tube receiving slots (70) in 
said header. 
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